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(54) A display medium 

(57) Bichromal baits (15) have two hemispheres, 
typically one black and one white, each having different 
etectricai properties. Each ball (15) is encbsed within a 
spherical shell and then a space between the t>atl and 
shell is filled with a Hqukf (1 4) to form a microsphere so 



that the ball is free to rotate tn response to an electrical 
field. The microspheres can then be mixed into a sub- 
strate which can be formed into sheets or can be applied 
to any kind of surface. The result is a film which can form 
an image from an applied electrical field. 
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Deaer^tion 

The present invention relates to a display medium 
and. more particularly, tea 'twisting bait' mediunn for dis- 
playing an image. 

126.854 and US-A-4.143.103 describe a 
display system in which the display panel is comprised 
of spherical balls which have an optical and an electrical 
antsotropy due to each hemisphere sudaco having a dil* 
ferent color and efectrical charge in contact with a liquid. 
These spherical particles are imbedded in a solid sub- 
strate and a slight space between each tDdll and the sub- 
strate is filled with a liquid so that the bails are free to 
rotate, in a changing electrical field, but can not migrate 
from one location to another If one hemisphere is black 
and the other is white, each pixel can be turned on and 
off by the electrtcal field applied to that location. Each 
pixel can be individually addressed, and a full page im- 
age can thus be generated. 

f^ost commonly the solid substrate used in this dis- 
play is a gel. typically a silicone gel. The purpose of us- 
ing this material Ties in the remarkably large expansion 
in volume exhibited by gels when soaked in certain liq- 
uids, which we refer to as plasticizing liquids. 30% ex- 
pensions are not uncommon when soaked in silicone 
oils. The bichromat balls do not expand when contacted 
by the plasticizing oS. so a spherk:al cavity opens up 
around each bait when the gel is invnersed in a plasti- 
cizing liquid. This space fills with the plasticizing liquid. 

After being soaked in plastidzer. the gel is soft and 
tacks durability, and must be bonded between glass or 
plastic sheets for protection. This process has the dis- 
advantages that a large number of steps are required 
for tfie fabrication » adding to the cost, and that the final 
product lacks some of the optical and tactile properties 
of paper, which it emulates in some emt>odiments. It will 
be seen thai significanl advantages will further accrue 
when the limitations to planar geometries are removed. 
A product that does not require the use of bonding 
sheets would be desireable. 

Historically there have been several approaches to 
the problem of isolating twlst^g balls lor displays. Lee 
(LL. Lee, 'Matrix-Addressed Magnetk: Particles Dis* 
play'. IEEE Trans, on ElecL Devices, Vbl.ED-22. No. 9, 
Sept 1975) created a honeycomb type of structure in 
which the balls were contained in separate compart- 
ments whkii were an integral part of the substrate. Such 
a structure was inherently expensive to make and effec- 
tively limited the ball sizes that coukJ be used. Later. Sai- 
toh et al (M. Saitoh, T Mori. R. Ishikawa, and H. Tamura, 
'A Newly Devek^ped Electrical Twisting Ball Display'. 
Proc. of the SID, Vbl. 23/4, 1 982) devek>ped an isolatton 
technique in which the individual balls were coated with 
a resin and subsoquentfy dispersed in a poly vinyl alco- 
hol substrate. After the PVA was hardened it was im- 
mersed in a solvent that had mininrtal effect on the PVA 
but that dissolved the resin around the balls, leaving 
them free to rotate. Once again, this is an expensive pro- 



ceedure that would be difficult to implement on large 
scFilB. The most successful approach to date was that 
of Sheridon. descrft>ed in U. S. Patent 4.143.103 refer- 
enced above and described in the last two paragraphs. 
5 One of the objects of the present Invention is to 
strive to provide the fabrication of very thin sheets of 
display materials having more paper-like properties 
than were possible with the prior art technques. 

Accordingly, the present invention provides a dis- 
10 play medium and a plurality of methods as defined in 
the appended claims. 

The bichromal balls are individually enclosed in 
spherical. shells with the space between the two spher- 
ical surfaces filled with dielectric liquid. The resultant 
IS capsules may be dispersed in a second Ik^uid, such as 
an optically clear epoxy. which may be subsequently 
hardened. If the hardened liquid, now a solid, is of suf* 
ficient strength no further protection is required. The re- 
sultant display Is then In the torn of a thin, paper-like 
^0 sheet without the bulklness and optical problems creat- 
ed by the protective cover sheets as in the prior art. Al- 
ternatively, the resultant display may be easily confor- 
mally coated on a non-planar surface tor even greater 
flexibility of applications. 
25 The present invention will bo described fuither, by 
way of examples, with reference to the accompanying 
drawings, in which:- 

Fig 1 is a cross sectk>n of a prior art version of a 
30 twisting ball display; 

Fig 2 is an enlarged view of the prior art bichromal 

baft surrounded by plasticizing oil; 

Fig 3 shows a plurality of capsules dispersed in a 

substrate; 

35 Fig 4 is a cross section of a capsule of Fig 3; 
Fig 5 is a bichromal ball before coating; 
Fig 6 is a bk^hronnaf ball after coating; 
Fig 7 shows a bichromal bafi ammersed in dietecuic 
liquid; 

^0 Fig 8 shows the finished microcapsule; and 

Fig 9 shows one method of encapsulating bichromal 
balls. 

Figure 1 is a cross section ot the prior art verswn of 
mis twisting bail display A large number ol bichromal 
bails 1 1 are mixed into an uncured elastomer which is 
subsequently spread Into a thin layer 10 and cured to 
form a solkJ sheet of elastomer Next this elastomer is 
soaked in a plasticizing oil which swells the elastomer 
so but generally does not effect the bchromal balls. The 
result is that a spherk:at cavity 1 3 opens up around each 
btohromal bay, and this cavity subsequently fills with the 
plasticizing liquid. Finally the plasticizod elastomer is 
bonded between two protective, transparent sheets of 
^s plastic or glass, 12, one or both of whk:h might have a 
transparent conducting coating. Figure 2 is an enlarged 
view of the bichromal ball 1 5 surrounded by plastkazing 
oil 14 within a cavity in elastomer 16. 
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The substrate material used in the prior art twisting 
bRil display was largely limited to the class of elastomer 
materials, because these materials undergo the great- 
est extent of swelling when plastk;ized and thus form 
cavities of adequate size. 

This invention Is the Improvement of using a sepa- 
rate erKapsutating shell to enclose both the bichromal 
bail and a sufficient thickness of dielectric oiM 4 to allow 
free rotation of the bichromat ball. These capsules then 
consHtute voltage sensith/e members that may be dis- 
persed In any medium across which an electrical field 
may be impressed. Most commonly this medium will be 
a solid, with the balls dispersed in this solid while It is in 
a liquid phase. It win be subsequently hardened, by 
chemical reaction, by cooling, etc. The medium may al- 
so be a liquid, or a slurry consisting of a liquid and solid 
particles, or solid particles whose purpose might tje to 
immobilize the capsules. Indeed, any medium might be 
used to contain the capsules provided that it does not 
damage the protecUve sheO of the capsule or diffuse un- 
desirable chemicals across the shell. These voltage 
sensitive members will then indicate the voltage condi- 
tion at their locations. When used in conjunction with an 
addressing means they can constitue an Information 
display. Other uses might include the visualization or 
measurennent of local electrical fields in test systems. 

This invention allows the substrate material to be 
made from a very large number of dielectric matertais 
that are obtained by hardening a liquid phase of the ma- 
terial into which the bichromal balls in liquid-filled shells 
have been dispersed. In general the shells will permit 
chemical isolation of the hardenable material from the 
encapsulated liquid, providing great freedom in choos- 
Ing the substrate material. 

The process of enclosing the bichromal balls and 
the oil layer In individual capsules is a form of microen- 
capsulation. There is a rich scientific and patent litera- 
ture on microencapsulation it is generally discussed in 
•h4lcrocapsule Processing and Technc^ogy* by Asaji 
Kondo, 1979. Marcel Dekker. Inc. Two panicular meth- 
ods that are especially appropriate to this use are dis- 
cussed here An individual capsule is illustrated in Figure 
4 and a plurality of such capsules dispersed in a sub- 
strate is shown in Figure 3. 

A bichromal ball 1 5 as shown in Figure 5 is coaled 
uniformly to result in a coated ball as shown in Flguie 6. 
The coating may be of Parylene (a product of the Union 
CArtskte Corp.) and lake place in a vacuum chaml>er. 11 
may be a polymer which is dissolved in a solvent and 
precipitated onto the t^ll by means of a temperature 
change, a ph change, etc. A process such as this is dis* 
cussed by Wei-Hsin Hou in *Poiymer*Encapsulated par- 
ticles with Controlled Morphologies:Preparation, Char- 
acterization and Application', PhD Thesis. Lehigh Uni- 
versity. 1991. UMI Oisseration Sen/ice. University Mi- 
crofilms International, Ann Arbor. Mich. It may be a hard- 
enable liquid such as an epoxy and deposited as a mist 
or in a tumbling situation such asms fluidtzed bed It 



nr^y be a polymer and deposited by means of an elec- 
trostatic painting process. 

Alter the coating is applied, the btohromal balls are 
immersed In dielectric liquid 14. as shown in Figure 7. 

5 which has a chemical affinity lor the coating and plasti- 
clzes it. causing it to swell. This process will also drive 
the liquid into the space between the ball and the shell, 
at least partially filling it. Subsequently placing the riii- 
crocapsules thus fonmed into a second liquid that diff us- 

^0 es more rapidly through the shell than the first liquid will 
tend to more fully fill the space within the shell. The fin- 
ished product is shown in Figure 8. and is ready to be 
mixed into the hardenable substrate. 

A second approach, dtscusised in Kondo's work, re- 

'5 lies on the well -known fact that when drops of certain 
liquids are placed in other liquids, an interface skin will 
rapidly form between the two liquids. A subset of this is 
called tntertacial polymerization and Is used to fabricate 
certain polymers. One method of usvig this phenome- 
non to encapsulate bichromal balls with a dielectric liq* 
uid layer is shown in Figure 9. On the left side of the 
apparatus the balls 15 are mixed with the liquid 31 in the 
pipe 30. They are ejected from the nozzle 32 under such 
conditions that each baP is separate and is coated with 
the dielectric liquki to a predetermined thickness. As 
these fall into the lank 33. the chemical reaction be- 
tween the dtelectric liquki and the film forming liquid cre- 
ates a tough film over and fully encapsulates the ball, 
including the dielectric Iquid. These are removed from 

30 the tank and dried for use. 

The microcapsules fomted by these processes 
need only be strong enough to hoU up to the process 
of being mixed with the hardenable transparent material 
used to form the sheet of electric pciper. Such transpar- 

3S ent materials include epoxtes and pllymers.having an 
end state as solids, gels and elastomers. In other cases, 
such as where the microcapsules are used to determine 
electrical fields, stronger structures may be required, 
A particularty useful appilcatkyi of this technology 

40 is fornix the capsules containing the bichromal bails with 
a transparent hardenable material, such as a vamish, 
and to paint the resulting dispersion onto a surface, 
which may be non-planar. In this way one may not only 
obtain display surfaces that conform lo objects of any 

45 shape, but one also obtains articles of decoration or 
camoflauge. Simply applying electical fields will cause 
such surfaces to change color, inexpensively Useful sur- 
faces include structural members and fabi ics. especially 
articles of clothing. In addition to being dispersed In the 

so volume of a liquid that is subsequently hafdened. the 
microcapsules can also be adhered to adhesives that 
are coated onto surfaces, typically forming monolayers. 
Thus, for example, an article of clothing could be coated 
with an adhesive and subsequently microcapsules 

55 coukj be adhered to the adhesive. Thereafter the color 
of that article d clothing could be altered by the appli- 
cation of electrical fields. Likewise, the surface of an ob- 
ject that there is an intention to conceal couki be coated 
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with a monolayer of microcapsules and a spatially var- 
ying volt;)9e could be applied to these microcapsules to 
control the pattern ol color on the surface of that objeci 
This invention is then highly advantaged over prior 
art methods of providing isolation cavities for the bichro- 
mal balls used in twisting ball displays to rotate. It is an 
inherently low cost technique that allows a wide choice 
of substrate materials and that can be applied to a large 
variety of planar and non-planar surfaces, ft will allow 
the fabrication of very X\m sheets of display materials 
having more paper-like properties than were possible 
with prior art methods. 



Cialms 

1. A display medium comprising: 

a plurality of btchromal balls (15), each having 
two hemispheric surfaces, one surface differing 
from the other in both color and electrical char- 
acteristics. 

a layer of liquid (14) surrounding each ball (15), 
a skin (20) of a first compound surrounding the 
layer of liquid (1 4} to form a microcapsule, and 
a substratd of a second compound ( 1 0) in con- 
tact with said microcapsules. 
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9. A method of creating microcapsules comprising: 

creating a plurality ol bichromal balls (1 5). each 
having two hemispheric surfaces, one surface 
differing from the other in both color and elec- 
trical characteristics, 

coaling each bichromal ball with a layer of a first 
compound to form a number of separated coat- 
ed balls, and 

placing said separated coated bichromal ba&s 
in a liquid to cause said coating to swell and to 
transport a ponion of said liquid between the 
swelled coating and the bichromal ball to create 
a liquid-filted space. 

10. A method as claimed in Claim 9. further comprising, 
after said placing step, the step of placing saidt>alls 
into a second ftquid to cause funher swelfing and 
further transport of liquid into said space. 



so 
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A display medium as claimed in Claim 1, wherein 
said substrate is eiher a solid or a liquid. 
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3. A method of measuring the disuibution of an elec- 
trical field of a structure by distributing the medium, 
as claimed in Claim 1 or Claim 2. within the field, 
and allowing the electrical field to selectively rotate 
the bails to form an image of the field. 
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4. A method as claimed in Claim 3, wherein said sub- 
strate is adhered to a planar surface, or is adhered 
to a non*ptanar surface, wherein said substrate is 
applied as a paint. 



5. A display medium as claimed In Claim 1 or Claim 2, 
wherein: 

said second compound is in the form of an ad- 
hesive layer bonding the microcapsules to a sur- 
face. 
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A display medium as claimed in Claim 5, wherein 
said adhesive layer is f^rdenable or wherein said 
adhesive layer is a liquid. 



so 



A display medium as daimod in Claim 5 or Claim 6. 
wherein said microcapsules are bonded as a mon- 
olayer with the free surface of said adhesive layer. ^ 

A display medium as claimed inmCkaim 7, wherein 
said surface is a fabric. 
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(54) A display medium 

(57) Bichromat balls (IS) have two hemispheres, 
typicayy one black and one while, each having different 
electrical propenies. Each bail (15) is enclosed withvi a 
spherical shell and then a space betwaen the ball and 
shell is filled with a Ik^uid (1 4) to form a microsphere so 



that the bait is free to rotate in response to an electrical 
fiefeJ. The miaospheres can then be mixed into a sub> 
slrate whk^h can be formed into sheets or can be applied 
to any kind of surface. The result is a film which can form 
an image from an applied electrical field. 
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